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Description

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The present invention relates to a target for X-
ray generation (which will be referred to hereinafter as
an X-ray generation target) and a production method
thereof.

Related Background Art

[0002] There is a known X-ray generation target pro-
vided with a substrate, and a target portion buried in the
substrate (e.g., cf. Japanese Patent Application Laid-
open No. 2004-028845). In the X-ray generation target
described in Japanese Patent Application Laid-open No.
2004-028845, a single columnar metal wire of tungsten
or molybdenum is buried in the substrate comprised of
a light element such as beryllium or carbon.
[0003] US5148462 discloses an X-ray target compris-
ing a diamond substrate with an upper surface and a
lower surface, the upper surface and the lower surface
opposing each other. Grooves in the diamond layer are
filled with metallic target material. The width of the
grooves is about their depth. Prior to the formation of the
grooves, the upper surface of the diamond substrate is
coated with a thin layer of e.g. Au. Au is a transition ele-
ment.

SUMMARY OF THE INVENTION

[0004] For obtaining the X-ray generation target in
which the metal wire is buried in the substrate, it is con-
ceivable to form a hole in the substrate and insert the
metal wire into the hole. In this case, however, the side
surface of the metal wire is not always in close contact
with the inside surface of the hole and a gap can be made
between the side surface of the metal wire and the inside
surface of the hole. If the gap is made between the side
surface of the metal wire and the inside surface of the
hole, it will impede thermal conduction from the metal
wire to the substrate. As a result, heat dissipation from
the metal wire will become insufficient and it can make
the metal wire of the target portion more likely to waste.
[0005] In the configuration wherein the metal wire is
buried in the substrate, it is difficult to easily form the
nanosized target portion in the substrate.
[0006] It is an object of the present invention to provide
an X-ray generation target with improved heat dissipation
from the target portion, and a method for producing the
X-ray generation target.
[0007] An X-ray generation target according to the
present invention comprises all features of claim 1.
[0008] In the X-ray generation target according to the
present invention, since the substrate is comprised of
diamond, the substrate itself is excellent in thermal con-

ductivity or heat dissipation and also excellent in stability
under high temperature. Since the target portion is com-
prised of the metal deposited from the bottom surface of
the bottomed hole formed in the substrate, toward the
first principal surface; one end face thereof is entirely in
close contact with the bottom surface of the hole and the
side surface of the target portion is entirely in close con-
tact with the inside surface of the hole; therefore, there
is no hindrance to thermal  conduction from the metal
forming the target portion, to the substrate. As a result
of these, improvement is achieved in heat dissipation
from the target portion.
[0009] Since the target portion is formed so that in a
cross section parallel to a direction in which the first and
second principal surfaces are opposed, a length of the
target portion in the direction in which the first and second
principal surfaces are opposed is set to be not less than
a length thereof in a direction perpendicular to the direc-
tion in which the first and second principal surfaces are
opposed. In this case, it is feasible to achieve improve-
ment in heat dissipation while reducing the focal-spot size
(focal-spot diameter) determined by the size of the target
portion.
[0010] An electrically conductive layer is formed on the
first principal surface of the substrate to achieve improve-
ment in heat dissipation on the first principal surface side
of the substrate and to prevent electrification (charge-up)
that can occur upon incidence of electrons to the first
principal surface side of the substrate.
[0011] Since a protecting layer containing a first tran-
sition element is formed on the first principal surface of
the substrate, the substrate can be protected from an
electron beam.
[0012] A method for producing an X-ray generation tar-
get according to the present invention comprises all fea-
tures of claim 5.
[0013] In the method for producing the X-ray genera-
tion target according to the present invention, since the
target portion is formed in the substrate in a state in which
the bottom surface thereof is entirely in close contact with
the bottom surface of the hole formed in the substrate
comprised of diamond and in which the side surface is
entirely in close contact with the inside surface of the
hole, the X-ray generation target with improved heat dis-
sipation from the target portion can be readily obtained.
[0014] The step to form the target portion comprises
applying a charged beam, preferably an ion beam, to the
hole in a metal vapor atmosphere to deposit the metal.
In this case, the target portion wherein the inside surface
thereof is in close contact with the bottom surface of the
hole can be securely formed.
[0015] The step of forming the hole may comprise ap-
plying a charged beam, preferably an ion beam, to the
substrate from the first principal  surface side to form the
hole. In this case, the hole can be made in the substrate
with a device used in the step of forming the target portion,
which can simplify production facilities and steps.
[0016] The present invention successfully provides the
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X-ray generation target with improved heat dissipation
from the target portion, the X-ray generator, and the
method for producing the X-ray generation target.
[0017] The present invention will become more fully
understood from the detailed description given herein-
below and the accompanying drawings which are given
by way of illustration only, and thus are not to be consid-
ered as limiting the present invention.
[0018] Further scope of applicability of the present in-
vention will become apparent from the detailed descrip-
tion given hereinafter. However, it should be understood
that the detailed description and specific examples, while
indicating preferred embodiments of the invention, are
given by way of illustration only, since various changes
and modifications within the scope of the invention will
become apparent to those skilled in the art from this de-
tailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019]

Fig. 1 is a drawing for explaining a cross-sectional
configuration of an X-ray generation target.
Fig. 2 is an exploded perspective view of the X-ray
generation target.
Fig. 3 is a drawing for explaining a cross-sectional
configuration  of the X-ray generation target.
Fig. 4 is a drawing for explaining a cross-sectional
configuration of the X-ray generation target.
Fig. 5 is a flowchart for explaining a method for pro-
ducing the X-ray generation target.
Fig. 6 is a schematic diagram for explaining the meth-
od for producing the X-ray generation target.
Fig. 7 is a flowchart for explaining a method for pro-
ducing the X-ray generation target.
Fig. 8 is a schematic diagram for explaining the meth-
od for producing the X-ray generation target.
Fig. 9 is a drawing showing a cross-sectional con-
figuration of an X-ray generator.
Fig. 10 is a drawing showing a mold power supply
unit in the X-ray generator.
Fig. 11 is a drawing for explaining cross-sectional
configurations of modification examples of the X-ray
generation target.
Fig. 12 is a drawing for explaining a cross-sectional
configuration of an X-ray generation target according
to an embodiment.
Fig. 13 is a drawing for explaining a cross-sectional
configuration of an X-ray generation target according
to an embodiment.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0020] The preferred embodiments of the present in-
vention will be  described below in detail with reference
to the accompanying drawings. In the description, iden-
tical elements or elements with identical functionality will

be denoted by the same reference symbols, without re-
dundant description.
[0021] An X-ray generation target T1 will be described
with reference to Figs. 1 and 2. Fig. 1 is a drawing for
explaining a cross-sectional configuration of the X-ray
generation target. Fig. 2 is an exploded perspective view
of the X-ray generation target.
[0022] The X-ray generation target T1, as shown in
Figs. 1 and 2, is provided with a substrate 1 and a target
portion 10.
[0023] The substrate 1 is comprised of diamond and
has a disk shape. The substrate 1 has first and second
principal surfaces 1a, 1b opposed to each other. The
substrate 1 does not always have to be limited to the disk
shape but can have any shape, e.g., a rectangular plate
shape. The thickness of the substrate 1 is set, for exam-
ple, to about 100 mm. The outside diameter of the sub-
strate 1 is set, for example, to about 3 mm.
[0024] A bottomed hole 3 is made from the first princi-
pal surface 1a in the substrate 1. The hole 3 has an in-
terior space defined by a bottom surface 3a and an inside
surface 3b and the interior space is of a columnar shape.
The interior space of the hole 3 does not always have to
be limited to the columnar shape but may have any other
shape, e.g., prismatic shape. The inside diameter of the
hole 3 is set to about 100 nm and the depth of the hole
3 is set to about 1 mm.
[0025] The target portion 10 is disposed in the hole 3
made in the  substrate 1. The target portion 10 is made
of metal and in a columnar shape corresponding to the
interior space of the hole 3. The target portion 10 has
first and second end faces 10a, 10b opposed to each
other, and a side surface 10c. The metal making up the
target portion 10 is, for example, tungsten, gold, platinum,
or the like.
[0026] The target portion 10 is constructed by depos-
iting the metal in the hole from the bottom surface 3a of
the hole 3 toward the first principal surface 1a. Therefore,
the first end face 10a of the target portion 10 is in close
contact with the bottom surface 3a of the hole 3 in its
entirety. The side surface 10c of the target portion 10 is
in close contact with the inside surface 3b of the hole 3
in its entirety.
[0027] The target portion 10 has the following dimen-
sions corresponding to the shape of the interior space of
the hole 3: in a cross section parallel to the direction in
which the first and second principal surfaces 1a, 1b are
opposed (or in the thickness direction of the substrate
1), the length in the direction in which the first and second
principal surfaces 1a, 1b are opposed is not less than
the length in the direction perpendicular to the direction
in which the first and second principal surfaces 1a, 1b
are opposed. The length of the target portion 10 in the
direction in which the first and second principal surfaces
1a, 1b are opposed is approximately 1 mm and the length
of the target portion 10 in the direction perpendicular to
the direction in which the first and second principal sur-
faces 1a, 1b are opposed, i.e., the outside diameter of
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the target portion 10 is approximately 100 nm. The target
portion 10 is nanosized.
[0028] The X-ray generation target T1 may have an
electrically  conductive layer 12, as shown in Figs. 3 and
4. The conductive layer 12 is formed on the first principal
surface 1a side of the substrate 1. The conductive layer
12 is comprised, for example, of diamond doped with an
impurity (e.g., boron or the like). The thickness of the
conductive layer 12 is, for example, about 50 nm.
[0029] The conductive layer 12 shown in Fig. 3 is
formed on the first principal surface 1a so as to cover the
first principal surface 1a of the substrate 1 and the second
end face 10b of the target portion 10. The conductive
layer 12 shown in Fig. 4 is formed on the first principal
surface 1a so as to expose the second end face 10b of
the target portion 10.
[0030] The below will describe a method for producing
the X-ray generation target T1 with reference to Figs. 5
and 6. The method described herein is one to produce
the X-ray generation target T1 shown in Fig. 3. Fig. 5 is
a flowchart for explaining the method for producing the
X-ray generation target. Fig. 6 is a schematic diagram
for explaining the method for producing the X-ray gener-
ation target.
[0031] The substrate 1 is first prepared (S101) and
then the bottomed hole 3 is formed in the prepared sub-
strate 1, as shown in (a) of Fig. 6 (S103). The hole 3 can
be made with a known charged beam processing unit,
e.g., a Focused Ion Beam (FIB) processing unit. The FIB
processing unit is a device configured to apply a focused
ion beam onto a sample and remove a surface portion
of the sample by sputtering, thereby performing process-
ing of the sample surface. In this step, the  focused ion
beam (e.g., a beam of ions like Ga+) is made to impinge
upon a desired portion on the first principal surface 1a of
the substrate 1 to remove the surface portion by sputter-
ing.
[0032] Next, the target portion 10 is formed in the hole
3, as shown in (b) of Fig. 6 (S105). The target portion 10
is formed herein by depositing the aforementioned metal
from the bottom surface 3a of the hole 3 toward the first
principal surface 1a. Since the metal is directly deposited
in the hole 3, the target portion 10 is formed so that the
first end face 10a thereof is in close contact with the bot-
tom surface 3a of the hole 3 and the side surface 10c
thereof is in close contact with the inside surface 3b of
the hole 3.
[0033] The metal is deposited in the hole 3 by applying
the focused ion beam onto the hole 3 (bottom surface
3a) in a metal vapor atmosphere, using the aforemen-
tioned FIB processing unit. The FIB processing unit
sprays a material gas onto a portion irradiated with the
focused ion beam, so as to deposit a material by FIB
excited chemical vapor phase deposition. Therefore,
when the material gas used is Tungsten Hexacarbonyl
(W(CO)6), tungsten can be deposited as the foregoing
metal. When the material gas used is Trimethyl (Methyl-
cyclopentadienyl) Platinum, platinum can be deposited

as the foregoing metal. When the material gas used is
DimethylGold Hexafluoroacetylacetonate
(C7H7F6O2Au), gold can be deposited as the foregoing
metal.
[0034] Next, the conductive layer 12 is formed as
shown in (c) of Fig. 6 (S107). The conductive layer 12 is
formed on the first principal surface 1a so as to cover the
first principal surface 1a of the substrate 1  and the second
end face 10b of the target portion 10. The conductive
layer 12 can be formed, for example, using a known mi-
crowave plasma CVD system. In this step, the conductive
layer 12 is formed by generating and growing diamond
particles while doping them with boron, on the first prin-
cipal surface 1a (second end face 10b) by microwave
plasma CVD, using the microwave plasma CVD system.
[0035] The X-ray generation target T1 shown in Fig. 3
is obtained through these steps.
[0036] The below will describe another method for pro-
ducing the X-ray generation target T1, with reference to
Figs. 7 and 8. The method described herein is one to
produce the X-ray generation target T1 shown in Fig. 4.
Fig. 7 is a flowchart for explaining the method for produc-
ing the X-ray generation target. Fig. 8 is a schematic di-
agram for explaining the method for producing the X-ray
generation target.
[0037] First, the substrate 1 is prepared (S201) and
the conductive layer 12 is formed on the first principal
surface 1a of the prepared substrate 1, as shown in (a)
of Fig. 8 (S203). The conductive layer 12 can be formed
with the microwave plasma CVD system, as described
above.
[0038] Next, the bottomed hole 3 is formed in the sub-
strate 1 on which the conductive layer 12 is formed, as
shown in (b) of Fig. 8 (S205). The hole 3 can be formed
with the FIB processing unit, as described above.
[0039] Next, the target portion 10 is formed in the hole
3, as shown in (c) of Fig. 8 (S207). The target portion 10
can be formed with the FIB  processing unit, as described
above.
[0040] The X-ray generation target T1 shown in Fig. 4
is obtained through these steps.
[0041] Since in the present embodiment the substrate
1 is comprised of diamond as described above, the sub-
strate 1 itself is excellent in thermal conductivity or heat
dissipation and is also excellent in stability under high
temperature. The coefficient of thermal conductivity of
diamond is approximately 2000 W/mK(RT) and is thus
larger than ten times the coefficient of thermal conduc-
tivity of tungsten (170 W/mK(RT)). The target portion 10
is comprised of the metal deposited from the bottom sur-
face 3a of the bottomed hole 3 formed in the substrate
1, toward the first principal surface 1a. The entire first
end face 10a of the target portion 10 is in close contact
with the bottom surface 3a of the hole 3 and the entire
side surface 10c of the target portion 10 is in close contact
with the inside surface 3b of the hole 3. For this reason,
there is no hindrance to thermal conduction from the met-
al making up the target portion 10, to the substrate 1. As
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a result of these, the X-ray generation target T1 is im-
proved in heat dissipation from the target portion 10 and
thus it is prevented from wasting.
[0042] The target portion 10 is configured so that in the
cross section parallel to the direction in which the first
and second principal surfaces 1a, 1b are opposed, the
length of the target portion 10 in the opposed direction
is set to be not less than the length thereof in the direction
perpendicular to the opposed direction. This improves
the heat dissipation while reducing the focal-spot diam-
eter determined by the size of the target portion 10.
[0043] The conductive layer 12 is formed on the first
principal surface 1a side of the substrate 1. This improves
the heat dissipation on the first principal surface 1a side
of the substrate 1 and prevents electrification (charge-
up) that can occur when electrons are incident to the first
principal surface 1a side of the substrate 1.
[0044] In the production methods, the target portion 10
is formed in the substrate 1 in the state in which the first
end face 10a and side surface 10c thereof are entirely in
close contact with the hole 3 formed in the substrate 1.
As a result of this, the X-ray generation target T1 with
improved heat dissipation from the target portion 10 can
be readily obtained.
[0045] In the production methods, the target portion 10
is formed by depositing the metal with application of the
ion beam to the hole 3 under the metal vapor. This allows
the target portion 10 in close contact with the bottom sur-
face 3a and the inside surface 3b of the hole 3 to be
securely formed.
[0046] In the production methods, the hole 3 is formed
by applying the ion beam from the first principal surface
1a side onto the substrate 1. In this case, the hole 3 can
be formed in the substrate 1 with the FIB processing unit
used for forming the target portion 10, which can simplify
production facilities and steps.
[0047] The below will describe an X-ray generator us-
ing the X-ray generation target T1, with reference to Figs.
9 and 10. Fig. 9 is a drawing showing a cross-sectional
configuration of the X-ray generator. Fig. 10 is a drawing
showing a mold power supply unit of the X-ray generator
shown in Fig. 9.
[0048] As shown in Fig. 9, the X-ray generator 21 is an
open type and can optionally create a vacuum state, dif-
ferent from a closed type which is discarded after use.
The X-ray generator 21 permits replacement of a filament
unit F and the X-ray generation target T1 which are con-
sumables. The X-ray generator 21 has a tubular unit 22
of stainless steel with a cylindrical shape which is brought
into a vacuum state during operation. The tubular unit 22
is divided into two sections, a fixed section 23 located
down and a detachable section 24 located up. The de-
tachable section 24 is attached to the fixed section 23
through a hinge part 25. Therefore, when the detachable
section 24 is rotated into a horizontal posture through the
hinge part 25, the upper part of the fixed section 23 be-
comes open. This makes it possible to access the fila-
ment unit (cathode) F housed in the fixed section 23.

[0049] A pair of upper and lower tubular coil parts 26,
27 functioning as an electromagnetic deflector lens are
provided in the detachable section 24. An electron pas-
sage 28 extends in the longitudinal direction of the tubular
unit 22 so as to pass the center of the coil parts 26, 27,
in the detachable section 24. The electron passage 28
is surrounded by the coil parts 26, 27. A disk plate 29 is
fixed to the lower end of the detachable section 24 so as
to close it. An electron inlet hole 29a is formed in a center
of the disk plate 29 so as to be aligned with the lower end
of the electron passage 28.
[0050] The upper end of the detachable section 24 is
formed in a shape of a truncated circular cone. The top
of the detachable section 24 is equipped with the X-ray
generation target T1 which is located at the upper end
of the electron passage 28 and which forms an X-ray exit
window of an electron transmission type. The X-ray gen-
eration target T1 is housed in an earthed state in a de-
tachable rotary cap part 31. Therefore, when the cap part
31 is removed, the X-ray generation target T1 being a
consumable part becomes ready to be replaced.
[0051] A vacuum pump 32 is fixed to the fixed section
23. The vacuum pump 32 brings the whole space in the
tubular unit 22 into a high vacuum state. Namely, since
the X-ray generator 21 is equipped with the vacuum pump
32, it becomes feasible to replace the filament unit F and
the X-ray generation target T1 of consumables.
[0052] A mold power supply unit 34 integrated with an
electron gun 36 is fixed on the base end side of the tubular
unit 22. The mold power supply unit 34 is a unit molded
from an electrically insulting resin (e.g., epoxy resin) and
is housed in a metal case 40. The lower end (base end)
of the fixed section 23 of the tubular unit 22 is firmly fixed
in a sealed state to an upper plate 40b of the case 40
with screws or the like.
[0053] A high voltage generation unit 35 constituting a
transformer to generate a high voltage (e.g., up to -160
kV in the case where the X-ray generation target T1 is
earthed) is sealed in the mold power supply unit 34, as
shown in Fig. 10. Specifically, the mold power supply unit
34 is composed of a power supply main body part 34a
of a block form of a rectangular parallelepiped shape lo-
cated on the lower side, and a neck part 34b of a cylin-
drical shape projecting upward from the power supply
main body part 34a into the fixed section 23. Since the
high voltage generation unit 35 is a heavy part, it is pref-
erably sealed in the power supply main body part 34a
and located as low as possible because of a weight bal-
ance of the entire X-ray generator 21.
[0054] The electron gun 36 is mounted at the distal end
of the neck part 34b and is arranged so as to face the X-
ray generation target T1 with the electron passage 28 in
between.
[0055] As shown in Fig. 10, an electron emission con-
trol unit 51 electrically connected to the high voltage gen-
eration unit 35 is sealed in the power supply main body
part 34a of the mold power supply unit 34. The electron
emission control unit 51 controls the timing of emission
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of electrons, a tube current, and so on. The electron emis-
sion control unit 51 is connected through grid connection
wire 52 and filament connection wire 53 to grid terminal
38 and filament terminal 20, respectively. The connection
wires 52, 53 are sealed in the neck part 34b because a
high voltage is applied to both.
[0056] The power supply main body part 34a is housed
in the metal case 40. A high voltage control unit 41 is
disposed between the power supply main body part 34a
and the case 40. A power supply terminal 43 for connec-
tion to an external power supply is fixed to the case 40.
The high voltage control unit 41 is connected to the power
supply terminal 43 and is also connected to the high volt-
age generation unit 35 and to the electron emission con-
trol unit 51 in the mold power supply unit 34 through re-
spective wires 44, 45. Based on a control signal from the
outside, the high voltage control unit 41 controls the volt-
age that can be generated at the high voltage generation
unit 35 constituting the transformer, from a high voltage
(e.g., 160 kV) to a low voltage (0 V). The electron emis-
sion control unit 51 controls the timing of emission of
electrons, the tube current, and so on.
[0057] In the X-ray generator 21, based on control from
a controller  (not shown), the power and control signal
are supplied from the high voltage control unit 41 in the
case 40 to each of the high voltage generation unit 35
and the electron emission control unit 51 of the mold pow-
er supply unit 34. At the same time as it, the power is
also supplied to the coil parts 26, 27. As a result, electrons
are emitted at an appropriate acceleration from the fila-
ment unit F and the coil parts 26, 27 under control ap-
propriately focus the electrons and apply the electrons
onto the X-ray generation target T1. When the applied
electrons collide with the X-ray generation target T1, X-
rays are radiated to the outside.
[0058] Incidentally, a high resolution of the X-ray gen-
erator can be achieved by accelerating electrons by a
high voltage (e.g., about 50-150 keV) and focusing the
electrons to a fine focal spot on the target. As the elec-
trons lose their energy in the target, X-rays, so called
bremsstrahlung X-rays, are generated. On this occasion,
the focal-spot size is virtually determined by the size of
the applied electrons.
[0059] In order to obtain a fine focal-spot size of X-rays,
the electrons need to be focused in a small spot. In order
to increase an amount of X-rays generated, an amount
of electrons needs to be increased. However, by virtue
of the space charge effect, the spot size of electrons and
an electric current amount are in a conflicting relation and
it is thus impossible to flow a large electric current to a
small spot. If a large electric current is made to flow to a
small spot, the target might waste easy because of heat
generation.
[0060] Since the X-ray generation target T1 is provided
with the substrate of diamond and the target portion 10
in  close contact with the bottom surface 3a and the inside
surface 3b of the hole 3 as described above, the X-ray
generation target T1 is extremely excellent in heat dissi-

pation. Therefore, the waste of the X-ray generation tar-
get T1 can be prevented even in the aforementioned sit-
uation.
[0061] The target portion 10 is nanosized. For this rea-
son, even in the case where electrons are applied at the
aforementioned high acceleration voltage (e.g., approx-
imately 50-150 keV) and where the electrons become
expanded near the target portion 10, the diameter of the
X-ray focal spot will not increase, so as to suppress de-
terioration of resolution. Namely, the resolution achieved
is one determined by the size of the target portion 10.
Therefore, the X-ray generator 21 using the X-ray gen-
eration target T1 can achieve the resolution of nanometer
order (several ten to several hundred nm) while increas-
ing the X-ray amount.
[0062] An X-ray generation target T2 according to an
embodiment of the present invention will be described
below with reference to Figs. 12 and 13. Figs. 12 and 13
are drawings for explaining cross-sectional configura-
tions of the X-ray generation target according to the
present embodiment.
[0063] The X-ray generation target T2 is provided with
the substrate 1, the target portion 10, and a protecting
layer 13, as shown in Figs. 12 and 13.
[0064] The protecting layer 13 is formed on the first
principal surface 1a side of the substrate 1. The protect-
ing layer 13 is comprised of a first transition element (ti-
tanium, chromium). If the thickness of the protecting layer
13 is too small, it will become likely to  be peeled off from
the substrate 1 and it can be difficult to form it with no
space. On the other hand, if the protecting layer 13 has
heat dissipation lower than that of the substrate 1 and
also covers the target portion 10, it can impede incidence
of an electron beam to the target portion 10. Therefore,
the thickness of the protecting layer 13 is smaller than
the height of the target portion 10 (the depth of the hole
3) and is, specifically, 10-100 nm, preferably 20-60 nm,
and about 50 nm in the present embodiment. The pro-
tecting layer 13 can be formed by vapor deposition such
as physical vapor deposition (PVD).
[0065] The material making up the protecting layer 13
is one different from those easily peeled off from the sub-
strate 1 of diamond like aluminum. For this reason, the
material making up the protecting layer 13 is selected
from the transition elements titanium and chromium. If
the material was one with high X-ray generation efficien-
cy like tungsten (third transition element) or molybdenum
(second transition element) used in the target portion 10,
among the transition elements, X-rays generated in the
protecting film 13 could affect the focal-spot diameter of
the X-rays generated in the target portion 10. For this
reason, the thickness of the protecting layer 13 would
need to be set as small as possible and control of thick-
ness is difficult during film formation. Therefore, the pro-
tecting layer 13 is comprised of titanium or chromium, or
an electrically conductive compound thereof (titanium
carbide or the like), which has the X-ray generation effi-
ciency lower than that of the material making up the target

9 10 



EP 2 293 318 B1

7

5

10

15

20

25

30

35

40

45

50

55

portion 10. In the present embodiment, the protecting
layer 13 is formed by  depositing titanium in the thickness
of about 50 nm.
[0066] The protecting layer 13 shown in Fig. 12 is
formed on the first principal surface 1a so as to cover the
first principal surface 1a of the substrate 1 and the second
end face 10b of the target portion 10. The protecting layer
13 shown in Fig. 13 is formed on the first principal surface
1a so as to expose the second end face 10b of the target
portion 10. Namely, the substrate 1 is covered without
being exposed, by the protecting film 13 on the electron
beam entrance side in the X-ray generation target T2,
while the protecting film 13 is not formed on the side faces
of the substrate 1 and on the second principal surface
1b being the X-ray exit side.
[0067] Since the diameter of the target portion 10 (in-
side diameter of the hole 3) is extremely small, about 100
nm, as described above, the electron beam can be ap-
plied directly onto the first principal surface 1a of the sub-
strate 1 off the target portion 10. On this occasion, if ox-
ygen remains in an atmosphere in the apparatus and if
the electron beam is applied directly to the first principal
surface 1a of the substrate 1, the substrate 1 will be dam-
aged and it can raise a problem of forming a through
hole, in certain cases. For reducing the remaining gas in
the apparatus, it is necessary to make various improve-
ments in the housing itself of the apparatus, the evacu-
ation means, and so on, which are not easy. Therefore,
it is preferable to protect the substrate from the electron
beam by a structure that can be formed on the substrate
1. In contrast to it, when the protecting layer 13 containing
the transition element is formed so as to cover the first
principal surface 1a, the electron beam is prevented from
being applied directly to the first  principal surface 1a and
the adhesion between the protecting layer 13 and the
substrate 1 is retained, which can prevent the damage
of the substrate 1. Furthermore, since the protecting film
13 is not formed on the side faces of the substrate 1 and
on the second principal surface 1b being the X-ray exit
side, good heat dissipation by the substrate 1 can be
utilized.
[0068] The surface of the protecting layer 13 on the
electron beam entrance side also has electrical conduc-
tivity. For this reason, the protecting layer 13 has the
same function as the conductive layer 12 and thus can
prevent electrification that can occur when electrons are
incident to the first principal surface 1a of the substrate 1.
[0069] The X-ray generator 21 can use the X-ray gen-
eration target T2, instead of the X-ray generation target
T1. When the X-ray generation target T2 is used, the spot
size of the electron beam does not have to be made small-
er in accordance with the diameter of the target portion
10 because the substrate 1 is protected from the electron
beam. Namely, even if the spot size of the electron beam
is set larger than the diameter of the target portion 10,
the substrate 1 is prevented from being damaged by the
electron beam applied off the target portion 10.
[0070] The X-ray focal-spot diameter, as described

above, is determined by the size (diameter) of the target
portion 10. Therefore, even if the spot size of the electron
beam is set larger than the diameter of the target portion
10, the X-ray generator 21 using the X-ray generation
target T2 can achieve the resolution of nanometer order
(several ten to several hundred nm).
[0071] The above described the embodiments of the
present  invention, but it is noted that the present inven-
tion is by no means intended to be limited to the above-
described embodiments but the present invention can be
modified in various ways without departing from the
scope of the invention.
[0072] In the embodiment the conductive layer 12 is
formed by generating and growing diamond particles
while doping them with boron, but the method of forming
the conductive layer 12 does not always have to be lim-
ited to this method. For example, the conductive layer 12
may also be formed by doping diamond with an impurity
(e.g., boron or the like). For example, in the production
of the X-ray generation target T1 shown in Fig. 3, the
target portion 10 is formed in the hole 3, thereafter a
diamond layer is formed by generation and growth of
diamond particles on the first principal surface 1a (sec-
ond end face 10b) by microwave plasma CVD, and the
diamond layer thus formed is doped with boron to form
the conductive layer 12. In the production of the X-ray
generation target T1 shown in Fig. 4, the first principal
surface 1a is doped with boron to form the conductive
layer 12. It is also possible to form the conductive layer
12 by vapor deposition of an electrically conductive thin
film of titanium or the like on the first principal surface 1a
(second end face 10b).
[0073] The inside space of the hole 3 is not limited to
the aforementioned cylindrical shape or prismatic shape,
but may be a truncated cone shape (e.g., a truncated
circular cone, a truncated pyramid shape, or the like) as
shown in Fig. 11 (a) or may be a columnar shape (e.g.,
a cylindrical shape, a prismatic column shape, or the like)
with plural steps (e.g., two steps or the like) as shown in
Fig. 11 (b). In the hole 3 shown in Fig. 11 (a), the diameter
of the bottom surface 3a is set smaller than the diameter
of the opening end of the hole 3 and the inside surface
3b is inclined in a taper shape. Therefore, the target por-
tion 10 has a truncated circular cone shape in which the
outside diameter of the first end face 10a is smaller than
that of the second end face 10b. In the hole 3 shown in
Fig. 11 (b), the inside space is composed of a first interior
space on the bottom surface 3a side and a second interior
space on the opening end side, and the inside diameter
of the first interior space is set smaller than that of the
second interior space. Therefore, the target portion 10
has a two-stepped circular column shape. In the case of
the X-ray generation target T1 according to the modifi-
cation examples shown in Fig. 11 (a) and (b), it is easy
to perform processing of the hole 3 and to perform for-
mation of the target portion 10 (deposition of metal).
[0074] The protecting layer 13 does not always have
to cover the entire area of the first principal surface 1a
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of the substrate 1. The protecting layer 13 may be formed
only over a region where the electron beam is highly likely
to impinge (e.g., a surrounding region around the target
portion 10) and does not have to be formed in a region
where the electron beam is unlikely to impinge (e.g., an
edge region of the substrate 1). In this case, it is feasible
to make use of good heat dissipation by the substrate 1.
[0075] From the invention thus described, it will be ob-
vious that the invention may be varied in many ways.
Such variations are not to be regarded as a departure
from the scope of the invention, and all such modifications
as would be obvious to one skilled in the art are  intended
for inclusion within the scope of the following claims.

Claims

1. An X-ray generation target for generating an X-ray
with incidence of an electron beam comprising:

a substrate (1) comprised of diamond and hav-
ing first and second principal surfaces (1a, 1b)
opposed to each other and a bottomed hole (3)
formed from the first principal surface (1a);
a target portion (10) comprised of a metal de-
posited from a bottom surface (3a) of the hole
(3) toward the first principal surface (1 a) and
having a side surface (10c) wholly in close con-
tact with an inside surface (3b) of the hole (3);
a protecting layer (13) protecting the substrate
(1) from the electron beam and comprised of a
first transition element is formed on the first prin-
cipal surface (1 a) of the plate-like substrate (1),

and characterized in that the target portion (10) is
formed so that in a cross section parallel to a direction
in which the first and second principal surfaces (1a,
1b) are opposed, a length of the target portion (10)
in the direction in which the first and second principal
surfaces (1 a, 1 b) are opposed is set to be not less
than a length thereof in a direction perpendicular to
the direction in which the first and second principal
surfaces (1 a, 1 b) are opposed, and
a thickness of the protecting layer (13) is smaller
than the length of the target portion (10) in the direc-
tion in which the first and second principal surfaces
(1a, 1b) are opposed,
the first transition element is titanium, chromium, or
an electrically conducting compound thereof.

2. The X-ray generation target according to claim 1,
wherein a surface of the protecting layer (13) has
electrical conductivity.

3. The X-ray generation target according to claim 1 or
2, wherein the protecting layer (13) covers at least
a part of the first principal surface (1a) and a second
end face (10b) of the target portion (10).

4. The X-ray generation target according to claim 1 or
2, wherein the protecting layer (13) is formed so as
to cover at least a part of the first principal surface
(1 a) and expose a second end face (10b) of the
target portion (10).

5. A method for producing an X-ray generation target
for generating an X-ray with incidence of an electron
beam, comprising:

a step of preparing a substrate (1) comprised of
diamond and having first and second principal
surfaces (1a, 1b) opposed to each other;
a step of forming a bottomed hole from the first
principal surface (1a) in the substrate (1);
a step of depositing a metal from a bottom sur-
face (3a) of the hole (3) toward the first principal
surface (1a) to form a target portion (10) in the
hole (3);
a step of forming a protecting layer (13) protect-
ing the substrate (1) from the electron beam and
being comprised of a first transition element on
the first principal surface (1a) of the plate-like
substrate (1),

and characterized in that
the step to form the target portion (10) comprises
applying a focused ion beam to the hole (3) in a metal
vapor atmosphere to deposit the metal and forming
the target portion (10) so that in a cross section par-
allel to a direction in which the first and second prin-
cipal surfaces (1a, 1b) are opposed, a length of the
target portion (10) in the direction in which the first
and second principal surfaces (1a, 1b) are opposed
is set to be not less than a length thereof in a direction
perpendicular to the direction in which the first and
second principal surfaces (1a, 1b) are opposed, and
the step of forming the protecting layer (13) compris-
es forming the protecting layer (13) so that a thick-
ness of the protecting layer (13) is smaller than the
length of the target portion (10) in the direction in
which the first and second principal surfaces (1a, 1b)
are opposed,
wherein the first transition element is titanium, chro-
mium, or an electrically conducting compound there-
of.

6. The method according to claim 5, wherein the step
of forming the hole (3) comprises applying a charged
beam to the substrate (1) from the first principal sur-
face (1a) to form the hole (3).

7. The method according to claim 5 or 6, wherein the
metal making up the target portion is any one of tung-
sten, gold, platinum.
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Patentansprüche

1. Röntgenstrahlenerzeugungs-Target, mit dem beim
Auftreffen eines Elektronenstrahls ein Röntgen-
strahl erzeugt wird, wobei es umfasst:

ein Substrat (1), das aus Diamant besteht und
eine erste sowie eine zweite Hauptfläche (1a,
1b), die einander gegenüberliegen, sowie ein
mit Boden versehenes Loch (3) aufweist, das
von der ersten Hauptfläche (1a) her ausgebildet
ist;
einen Target-Abschnitt (10), der aus einem von
einer Bodenfläche (3a) des Lochs (3) zu an der
ersten Hauptfläche (1a) hin abgeschiedenen
Metall besteht und eine Seitenfläche (10c) auf-
weist, die vollständig in engem Kontakt mit einer
Innenfläche (3b) des Lochs (3) ist;
eine Schutzschicht (13), die das Substrat (1) vor
dem Elektronenstrahl schützt und aus einem er-
sten Übergangselement besteht und auf der er-
sten Hauptfläche (1a) des plattenartigen Sub-
strats (1) ausgebildet ist, und

dadurch gekennzeichnet, dass der Target-Ab-
schnitt (10) so ausgebildet ist, dass in einem Quer-
schnitt parallel zu einer Richtung, in der die erste
und die zweite Hauptfläche (1a, 1b) einander gegen-
überliegen, eine Länge des Target-Abschnitts (10)
in der Richtung, in der die erste und die zweite Haupt-
fläche (1 a, 1b) einander gegenüberliegen, so fest-
gelegt ist, dass sie nicht kürzer ist als eine Länge
desselben in einer Richtung senkrecht zu der Rich-
tung, in der die erste und die zweite Hauptfläche (1
a, 1b) einander gegenüberliegen, und
eine Dicke der Schutzschicht (13) kleiner ist als die
Länge des Target-Abschnitts (10) in der Richtung,
in der die erste und die zweite Hauptfläche (1a, 1b)
einander gegenüberliegen,
das erste Übergangselement Titan, Chrom oder eine
elektrisch leitende Verbindung derselben ist.

2. Röntgenstrahlenerzeugungs-Target nach Anspruch
1, wobei eine Oberfläche der Schutzschicht (13)
elektrisch leitfähig ist.

3. Röntgenstrahlenerzeugungs-Target nach Anspruch
1 oder 2, wobei die Schutzschicht (13) wenigstens
einen Teil der ersten Hauptfläche (1a) sowie eine
zweite Endfläche (10b) des Target-Abschnitts (10)
abdeckt.

4. Röntgenstrahlenerzeugungs-Target nach Anspruch
1 oder 2, wobei die Schutzschicht (13) so ausgebil-
det ist, dass sie wenigstens einen Teil der ersten
Hauptfläche (1a) abdeckt und eine zweite Endfläche
(10b) des Target-Abschnitts (10) freilegt.

5. Verfahren zum Herstellen eines Röntgenstrahlener-
zeugungs-Target, mit dem beim Auftreffen eines
Elektronenstrahls ein Röntgenstrahl erzeugt wird,
wobei das Verfahren umfasst:

einen Schritt des Fertigens eines Substrats (1),
das aus Diamant besteht und eine erste sowie
eine zweite Hauptfläche (1a, 1b) hat, die einan-
der gegenüberliegen;
einen Schritt des Ausbildens eines mit Boden
versehenen Lochs von der ersten Hauptfläche
(1a) her in dem Substrat (1);
einen Schritt des Abscheidens eines Metalls von
einer Bodenfläche (3a) des Lochs (3) zu der er-
sten Hauptfläche (1a) hin, um einen Target-Ab-
schnitt (10) in dem Loch (3) auszubilden;
einen Schritt des Ausbildens einer Schutz-
schicht (13), die das Substrat (1) vor dem Elek-
tronenstrahl schützt und aus einem ersten Über-
gangselement besteht, an der ersten Hauptflä-
che (1 a) des plattenartigen Substrats (1), und

dadurch gekennzeichnet, dass
der Schritt des Ausbildens des Target-Abschnitts
(10) Aufbringen eines fokussierten lonenstrahls auf
das Loch (3) in einer Metalldampf-Atmosphäre zum
Abscheiden des Metalls und zum Ausbilden des Tar-
get-Abschnitts (10) umfasst, so dass in einem Quer-
schnitt parallel zu einer Richtung, in der die erste
und die zweite Hauptfläche (1 a, 1b) einander ge-
genüberliegen, eine Länge des Target-Abschnitts
(10) in der Richtung, in der die erste und die zweite
Hauptfläche (1a, 1b) einander gegenüberliegen so
festgelegt ist, dass sie nicht kürzer ist als eine Länge
desselben in einer Richtung senkrecht zu der Rich-
tung, in der die erste und die zweite Hauptfläche (1
a, 1 b) einander gegenüberliegen, und
der Schritt des Ausbildens der Schutzschicht (13)
umfasst, dass die Schutzschicht (13) so ausgebildet
wird, dass eine Dicke der Schutzschicht (13) kleiner
ist als die Länge des Target-Abschnitts  (10) in der
Richtung, in der die erste und die zweite Hauptfläche
(1 a, 1b) einander gegenüberliegen,
wobei das erste Übergangselement Titan, Chrom
oder eine elektrisch leitende Verbindung derselben
ist.

6. Verfahren nach Anspruch 5, wobei der Schritt des
Ausbildens des Lochs (3) Aufbringen eines gelade-
nen Strahls auf das Substrat von der ersten Haupt-
fläche /1a) her zum Ausbilden des Lochs (3) umfasst.

7. Verfahren nach Anspruch 5 oder 6, wobei das Metall,
das den Target-Abschnitt bildet, Wolfram, Gold oder
Platin ist.
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Revendications

1. Cible pour génération de rayons X pour générer un
rayonnement X avec incidence d’un faisceau d’élec-
trons, comprenant :

un substrat (1) constitué de diamant et possé-
dant des première et seconde surfaces princi-
pales (1a, 1b) opposées l’une à l’autre et un trou
muni d’un fond (3) formé depuis la première sur-
face principale (1a) ;
une portion de cible (10) constituée d’un métal
déposé depuis la surface de fond (3a) du trou
(3) vers la première surface principale (1a) et
ayant une surface latérale (10c) entièrement en
contact étroit avec la surface intérieure (3b) du
trou (3 ;
une couche de protection (13) protégeant le
substrat (1) du faisceau d’électrons et consti-
tuée d’un premier élément de transition formé
sur la première surface principale (1a) du subs-
trat en forme de plaque (1),

caractérisée en ce que
la portion de cible (10) est formée de telle sorte que
dans une section parallèle à la direction dans laquel-
le sont opposées les première et seconde surfaces
principales (1a, 1b), la longueur de la portion de cible
(10) dans la direction dans laquelle sont opposées
les première et seconde surfaces principales (1a,
1b) est réglée de manière à ne pas être inférieure à
sa longueur dans une direction perpendiculaire à la
direction dans laquelle sont opposées les première
et seconde surfaces principales (1a, 1b), et
l’épaisseur de la couche de protection (13) est plus
petite que la longueur de la portion de cible (10) dans
la direction dans laquelle sont opposées les premiè-
re et seconde surfaces principales (1a, 1b),
le premier élément de transition est du titane, du
chrome ou un composé électriquement conducteur
de ceux-ci.

2. Cible pour génération de rayons X selon la revendi-
cation 1, dans laquelle la surface de la couche de
protection (13) possède une conductivité électrique.

3. Cible pour génération de rayons X selon la revendi-
cation 1 ou 2, dans laquelle la couche de protection
(13) recouvre au moins une partie de la première
surface principale (1a) et une seconde face d’extré-
mité (10b) de la portion de cible (10).

4. Cible pour génération de rayons X selon la revendi-
cation 1 ou 2, dans laquelle la couche de protection
(13) est formée de manière à recouvrir au moins une
partie de la première surface principale (1a) et ex-
poser une seconde face d’extrémité (10b) de la por-
tion de cible (10).

5. Procédé de fabrication d’une cible pour génération
de rayons X pour générer un rayonnement X avec
incidence d’un faisceau d’électrons, comprenant :

une étape de préparation d’un substrat (1) cons-
titué de diamant et possédant des première et
seconde surfaces principales (1a, 1b) opposées
l’une à l’autre,
une étape de formation d’un trou muni d’un fond
depuis la première surface principale (1a) dans
le substrat (1) ;
une étape de dépôt d’un métal depuis la surface
de fond (3a) du trou (3) vers la première surface
principale (1a) afin de former une portion de ci-
ble (10) dans le trou (3) ;
une étape de formation d’une couche de protec-
tion (13) protégeant le substrat (1) du faisceau
d’électrons et constituée d’un premier élément
de transition sur la première surface principale
(1a) du substrat en forme de plaque (1),

caractérisé en ce que
l’étape de formation de la portion de cible (10) com-
prend l’application d’un faisceau d’ions focalisé sur
le trou (3) dans une atmosphère de vapeur métalli-
que pour déposer le métal et former la portion de
cible (10) de telle sorte que dans une section paral-
lèle à la direction dans laquelle sont opposées les
première et seconde surfaces principales (1a, 1b),
la longueur de la portion de cible (10) dans la direc-
tion dans laquelle sont opposées les première et se-
conde surfaces principales (1a, 1b) est réglée de
manière à ne pas être inférieure à sa longueur dans
une direction perpendiculaire à la direction dans la-
quelle sont opposées les première et seconde sur-
faces principales (1a, 1b), et
l’étape de formation de la couche de protection (13)
comprend la formation de la couche de protection
(13) de telle sorte que l’épaisseur de la couche de
protection (13) soit plus petite que la longueur de la
portion de cible (10) dans la direction dans laquelle
sont opposées les première et seconde surfaces
principales (1a, 1b),
dans lequel le premier élément de transition est du
titane, du chrome ou un composé électriquement
conducteur de ceux-ci.

6. Procédé selon la revendication 5, dans lequel l’étape
de formation du trou (3) comprend l’application d’un
faisceau chargé sur le substrat (1) depuis la première
surface principale (1a) pour former le trou (3).

7. Procédé selon la revendication 5 ou 6, dans lequel
le métal constituant la portion de cible est un métal
quelconque parmi le tungstène, l’or ou le platine.
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